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(57) ABSTRACT

A vibrating element includes a movable part, a substrate
made of metal, a driving source, and a holding member
holding the substrate. The substrate includes a pair of
support beam parts, a support part, and a torsion beam part.
Each of the support beam parts has a first end part and a
second end part. The support part supports the first end part.
The torsion beam part swingably supports the movable part.
The second end part of each of the support beam parts 1s
provided with a fixing part fixed to the holding member. By
adjusting an inclination with respect to the holding member,
the fixing part 1s fixed to the holding member 1n a state in
which each of the support beam parts applies tension to the
torsion beam part 1n a direction away from the movable part
in a first direction 1n which the torsion beam part extends.
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1
VIBRATING ELEMENT

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Japan
application serial no. 2020-096766, filed on Jun. 3, 2020.
The entirety of the above-mentioned patent application 1s
hereby incorporated by reference herein and made a part of
this specification.

BACKGROUND

Technical Field

The disclosure relates to a vibrating element.

Related Art

Conventionally, a wvibrating element i1s known (for
example, see Patent Document 1: Japanese Patent Applica-
tion Laid-Open No. 2005-321663).

Patent Document 1 discloses a micromirror device which
includes a micromirror, a torsion bar rotatably supporting
the micromirror, and a drnive electrode driving the micro-
mirror.

Here, in the micromirror device disclosed 1n Patent Docu-
ment 1, the torsion bar 1s configured to be soft in order to
increase the rotation angle of the mirror at a low voltage.
However, to the torsion bar, not only 1s a rotational torque
generated when the micromirror 1s rotated (swung) applied,
but a force 1n the vertical direction 1s also applied due to the
weight of the micromirror and the like. Therefore, 11 the
torsion bar 1s made soit, bending occurs 1n the torsion bar
due to the force in the vertical direction, and displacement
other than mirror rotation (swinging of the mirror part) 1s
likely to occur in the micromirror. Further, although not
specified 1 Patent Document 1, 1t 1s considered that the
occurrence of bending in the torsion bar resulting from the
cllect of heat generated when the micromirror 1s swung leads
to displacement other than mirror rotation in the micromir-
ror.

Therefore, 1n the micromirror device disclosed in Patent
Document 1, to suppress displacement other than swinging
of the mirror, the rigidity i1n the vertical and horizontal
directions 1s increased as compared to the rotation direction
by applying tension to the torsion bar. Specifically, i the
configuration disclosed 1n Patent Document 1, by perform-
ing film formation on the torsion bar so as to have a tensile
stress, the rigidity in the vertical and horizontal directions 1s
increased as compared to the rotation direction. Therefore,
in the configuration disclosed in Patent Document 1, the
rigidity of the torsion bar in the vertical and horizontal
directions 1s increased by forming an oxide film on the
torsion bar.

However, in the micromirror device (vibrating element)
described 1n Patent Document 1, in order to suppress dis-
placement other than swinging of the micromirror (movable
part), {ilm formation i1s performed on the torsion bar (torsion
beam part). Since the film formation process includes a large
number of processes such as mask formation, resist coating,
thin film formation, and resist removal, the manufacturing,
process may be complicated.

The disclosure provides a vibrating element capable of
suppressing occurrence of displacement other than swinging
in a movable part while suppressing complication of the
manufacturing process.
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2
SUMMARY

A vibrating element according to an embodiment of the
disclosure includes a movable part, a substrate made of
metal, a driving source, and a holding member. The substrate
includes a pair of support beam parts, a support part, and a
torsion beam part. The pair of support beam parts each has
a first end part and a second end part. The support part
supports the first end part of each of the pair of support beam
parts. The torsion beam part swingably supports the movable
part. The driving source 1s provided on the support part and
generates a plate wave which swings the movable part. The
holding member holds the substrate. The second end part of
cach of the pair of support beam parts 1s provided with a
fixing part {ixed to the holding member. By adjusting any of
an 1nclination with respect to the holding member, a fixing
position with respect to the holding member 1n a fixing plane
along a front surface of the substrate, and a fixing orientation
in the fixing plane, the fixing part 1s fixed to the holding
member 1n a state 1n which each of the pair of support beam
parts applies tension to the torsion beam part 1n a direction
away Irom the movable part 1n a first direction 1n which the
torsion beam part extends.

In the vibrating element according to the embodiment of
the disclosure, as described above, by adjusting any of an
inclination with respect to the holding member, a fixing
position with respect to the holding member 1n a fixing plane
along the front surface of the substrate, and a fixing orien-
tation 1n the fixing plane, the fixing part 1s fixed to the
holding member in a state 1n which each of the pair of
support beam parts applies tension to the torsion beam part
in a direction away Ifrom the movable part in the first
direction in which the torsion beam part extends. Accord-
ingly, by adjusting the method of fixing the fixing part with
respect to the holding member, without providing a member
on the support beam part by film formation to apply tension
to the torsion beam part, tension can be applied (1mparted)
to the torsion beam part i a direction away from the
movable part 1n the first direction. As a result, since tension
can be applied to the torsion beam part without film forma-
tion on the torsion beam part, compared to the configuration
in which a member applying tension to the torsion beam part
1s formed by film formation which complicates the manu-
facturing process, it 1s possible to suppress displacement of
the movable part while suppressing complication of the
manufacturing process.

In the vibrating element according to the embodiment, by
twisting 1n directions opposite to each other, the fixing parts
may be fixed 1n a state 1n which the inclination with respect
to the holding member 1s adjusted, or by bending the pair of
support beam parts 1n directions opposite to each other, the
fixing parts may be fixed in a state in which the fixing
position with respect to the holding member in the fixing
plane 1s adjusted. With this configuration, in the case in
which the fixing parts are fixed in a state in which the
inclination with respect to the holding member 1s adjusted
by twisting the fixing parts in directions opposite to each
other, since the support beam parts are twisted 1n directions
opposite to each other by twisting the fixing parts 1n direc-
tions opposite to each other, tension can be easily applied to
the torsion beam parts via the support beam parts in direc-
tions away irom the movable part. Also, 1n the case 1n which
the fixing parts are fixed in a state n which the fixing
position with respect to the holding member in the fixing
plane 1s adjusted by bending the pair of support beam parts
in directions opposite to each other, by bending the pair of
support beam parts 1 directions opposite to each other,
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tension can be easily applied to the torsion beam parts via
the support beam parts 1n directions away from the movable
part. As a result, since tension can be easily applied to the
torsion beam parts via the support beam parts 1n directions
away from the movable part, 1t 1s possible to easily suppress
occurrence of displacement other than swinging in the
movable part while suppressing complication of the manu-
facturing process.

In the above case, the fixing part may fixed to the holding
member 1n a twisted state 1n which, of portions of the fixing
part 1n the first direction, a first portion on a side close to the
movable part rotates 1n a direction from a rear surface side
toward a front surface side of the movable part, or 1n a
twisted state 1n which, of the portions of the fixing part 1n the
first direction, a second portion on a side far from the
movable part rotates 1 a direction from the front surface
side toward the rear surface side of the movable part. Or the
fixing part may be fixed to the holding member 1n a state 1n
which the pair of support beam parts 1s bent so that a
distance between the second end parts of the pair of support
beam parts 1s larger than a distance between the first end
parts of the pair of support beam parts. With this configu-
ration, by twisting the first portion of the fixing part 1n a
direction from the rear surface side toward the front surface
side of the movable part or twisting the second portion 1n a
direction from the front surface side toward the rear surface
side of the movable part, tension 1n a direction away from
the movable part 1n the first direction can be easily and
surely applied to the torsion beam part. Also, by bending the
pair of support beam parts so that a distance between the
second end parts 1s larger than a distance between the first
end parts, tension 1n a direction away irom the movable part
in the first direction can be easily and surely applied to the
torsion beam part. As a result, since tension can be easily and
surely applied to the torsion beam part via the support beam
part 1n a direction away from the movable part, 1t 1s possible
to more easily suppress occurrence of displacement other
than swinging 1n the movable part while suppressing com-
plication of the manufacturing process.

In the configuration 1n which the fixing part 1s fixed to the
holding member 1n a twisted state or the fixing part 1s fixed
to the holding member 1n a state 1n which the pair of support
beam parts 1s bent, 1n a case where the {ixing part 1s fixed to
the holding member 1n a twisted state, the holding member
may include an abutting part having an abutting surface
which abuts the fixing part, and the abutting surface may be
inclined so that a first abutting portion on a side close to the
movable part 1n the first direction and a second abutting,
portion on a side far from the movable part 1n the first
direction are located at positions diflerent from each other 1n
a second direction orthogonal to a front surface of the
movable part. With this configuration, since the abutting
surface can be easily inclined, by fixing the fixing part 1n an
abutting state with the abutting surface, the twisting direc-
tions of the fixing parts can be easily configured as opposite
directions. As a result, the fixing parts can be easily fixed to
the holding member 1n a state in which the pair of support
beam parts applies tension to the torsion beam parts in
directions away from the movable part 1n the first direction.

In the above case, the abutting part may include an
abutting member provided separately from the holding
member, and the vibrating element further includes a fixing,
angle adjustment mechanism capable of adjusting an incli-
nation angle of the abutting surtface. With this configuration,
by adjusting the inclination angle of the abutting surface, the
inclination of the fixing part with respect to the holding
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member can be easily adjusted. As a result, the magnitude of
the tension to be applied to the torsion beam part can be
casily adjusted.

In the configuration 1n which the fixing part 1s fixed to the
holding member 1n a twisted state or the fixing part 1s fixed
to the holding member 1n a state 1n which the pair of support
beam parts 1s bent, 1n a case where the fixing part 1s {ixed to
the holding member 1n a twisted state, the holding member
may 1include an abutting part having an abutting surface
which abuts the fixing part, and the vibrating element may
turther 1include a first spacer member provided at a position
between the fixing part and the abutting surface in a second
direction orthogonal to a front surface of the movable part.
The fixing part may be fixed to the holding member 1n a state
in which the inclination with respect to the holding member
1s adjusted by the first spacer member. With this configura-
tion, 1t 1s possible to incline the fixing part with respect to the
holding member by the first spacer member. As a result, the
fixing part can be easily inclined with respect to the holding
member without inclining the abutting surface.

In the configuration in which the fixing part is fixed to the
holding member 1n a twisted state, the fixing part may be
fixed to the holding member 1n a state 1n which the support
beam part 1s twisted 1n a direction 1n which, of the torsion
beam part, an end part connected to the movable part
protrudes toward the front surface side of the movable part.
With this configuration, 1n addition to the tension applied to
the torsion beam part 1n a direction away from the movable
part 1n the first direction, tension can also be applied to the
front surface side of the movable part. As a result, for
example, 1n the case where the front surface of the movable
part 1s arranged upward in the vertical direction, since the
tension applied to the front surface side of the movable part
makes 1t possible to suppress sinking of the movable part
resulting from the weight of the movable part itself, 1t 1s
possible to further suppress displacement of the movable
part other than swinging.

In the configuration in which the fixing part 1s fixed to the
holding member in a twisted state, the vibrating element
may further include a second spacer member arranged
between the abutting part and the holding member 1 a
direction 1 which the support beam part extends. The
abutting part may be configured to be capable of adjusting
the fixing position of the fixing part 1n a direction 1n which
the support beam part extends by the second spacer member.
With this configuration, since 1t i1s possible to adjust the
fixing position of the fixing part 1n the direction 1n which the
support beam part extends, 1t 1s possible to reduce an error
in the fixing position of the fixing part during assembly even
if there are manufacturing tolerances that occur in the
substrate and the holding member. As a result, the vibrating
clement can be easily manufactured.

In the configuration in which the fixing part 1s fixed to the
holding member 1n a twisted state or the fixing part 1s fixed
to the holding member 1n a state 1n which the pair of support
beam parts 1s bent, in a case of fixing to the holding member
in a state 1n which the support beam part 1s bent, the fixing
part may have a fixing position adjustment part which
penetrates the fixing part 1n a thickness direction of the
fixing part and extends along the first direction, and the
fixing part may be fixed to the holding member 1n a state 1n
which position adjustment in the fixing plane 1s performed
by a fixing member inserted through the fixing position
adjustment part. With this configuration, since the fixing
position adjustment part extends in the first direction, the
distance between the second end parts 1n the first direction
when the fixing part 1s fixed to the holding member can be
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casily adjusted. As a result, the magnitude of the tension to
be applied to the torsion beam part via the support beam part

can be easily adjusted.

In the configuration in which the fixing part 1s fixed to the
holding member 1n a twisted state or the fixing part 1s fixed
to the holding member 1n a state 1n which the pair of support
beam parts 1s bent, the vibrating element may include a first
screw member which fixes one of the pair of fixing parts and
a second screw member which fixes another of the pair of
fixing parts. The holding member may be provided with a
first screw hole to which the first screw member 1s fastened
and a second screw hole to which the second screw member
1s fastened. The first screw hole and the second screw hole
may be configured so that each of a force applied to one of
the pair of support beam parts via the one of the fixing parts
when the first screw member 1s tightened, and a force
applied to another of the pair of support beam parts via the
another of the fixing parts when the second screw member
1s tightened 1s directed 1n a direction away from the movable
part in the first direction.

With this configuration, by fixing the pair of fixing parts
respectively by the first screw member and the second screw
member, since a force 1n a direction away from the movable
part 1n the first direction 1s applied to each of the pair of
support beam parts, the position of each of the pair of
support beam parts can be easily changed to a position away
from the movable part 1n the first direction. As a result,
tension 1n a direction away from the movable part 1n the first
direction can be easily applied to the torsion beam part via
the support beam part. Further, by adjusting the tightening
condition (1.e., the angle of the screw member) of the first
screw member and the second screw member, the direction
in which the fixing part 1s fixed 1n the fixing plane can be
casily adjusted. As a result, since the position of the pair of
support beam parts 1n the fixing plane can be easily changed
by adjusting the direction 1n which the fixing part 1s fixed in
the fixing plane, the tension applied to the torsion beam part
via the support beam part can be easily adjusted.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing an overall configura-
tion of an optical scanning device according to a first
embodiment.

FIG. 2 1s a perspective view ol a vibrating element
according to the first embodiment.

FIG. 3 1s a plan view showing a pair of support beam
parts, a torsion beam part, and a mirror according to the first
embodiment.

FI1G. 4 1s a schematic view of a substrate according to the
first embodiment as viewed from a direction 1n which the
support beam part extends.

FIG. 5 15 a plan view of a holding member according to
the first embodiment.

FIG. 6 1s a schematic view of the holding member
according to the first embodiment as viewed from the
direction in which the support beam part extends.

FIG. 7 1s a schematic view showing a configuration in
which a fixing part 1s fixed to an abutting part according to
the first embodiment.

FIG. 8 1s a plan view showing a fixing angle adjustment
mechanism and a holding member according to a second
embodiment.

FIG. 9 1s a perspective view showing a configuration for
adjusting an inclination angle of an abutting surface by the
fixing angle adjustment mechanism according to the second
embodiment.
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FIG. 10 1s a schematic view showing a configuration for
fixing a fixing part according to a third embodiment.

FIG. 11 1s a schematic enlarged view of a part of FIG. 10.

FIG. 12 1s a schematic view showing a distance between
first end parts and a distance between second end parts
according to a fourth embodiment.

FIG. 13 1s a schematic view showing a first screw hole and
a second screw hole provided in the holding member accord-
ing to a fifth embodiment.

FIG. 14 1s a schematic view showing tightening directions
of a first screw member and a second screw member
according to the fifth embodiment.

FIG. 15 1s a schematic view showing a mounting position
of a second spacer member according to a modification
example of the second embodiment.

FIG. 16 1s a schematic view showing the second spacer
member according to the modification example of the sec-
ond embodiment.

FIG. 17 1s a schematic view showing a fixing position
adjustment part according to a modification example of the
fourth embodiment.

FIG. 18 1s a schematic view showing a configuration for
fixing a fixing part according to the modification example of
the fourth embodiment.

DESCRIPTION OF TH

L1

EMBODIMENTS

According to the disclosure, 1t 1s possible to provide a
vibrating element and an optical scanning device which can
suppress occurrence of displacement other than swinging in
a movable part while suppressing complication of the manu-
facturing process.

Heremnafter, embodiments of the disclosure will be
described with reference to the drawings.

First Embodiment

Retferring to FIG. 1 to FIG. 7, the configuration of a
vibrating element 1 according to a first embodiment and the
configuration ol an optical scanning device 100 including
the vibrating element 1 will be described.

(Configuration of Optical Scanning Device)

As shown 1 FIG. 1, the optical scanning device 100
according to this embodiment includes a vibrating element
1, a light source 2, and a control part 3. The optical scanning
device 100 1s configured to 1rradiate light to a projection
surface 60.

The vibrating element 1 1s configured to swing a movable
part 14 (see FIG. 2) by a plate wave generated by a driving
source 12 and meanwhile reflect light irradiated from the
light source 2 by a mirror 10 provided on the movable part
14 to project the light to the projection surface 60. The

detailed configuration of the vibrating element 1 will be
described later.

The light source 2 1s configured to output light. Specifi-
cally, the light source 2 1s configured to 1rradiate light to the
mirror 10 included in the vibrating element 1 via a lens or
the like. The light source 2 includes, for example, a light
emitting diode (LED), a laser diode (LD), and the like. In
this embodiment, the light source 2 1s an LED.

The control part 3 1s configured to control the irradiation
of light of the light source 2. Further, the control part 3 1s
configured to control the vibrating element 1. The control
part 3 includes a processor such as a central processing unit

(CPU), for example.
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(Configuration of Vibrating Element)

As shown i FIG. 2, the vibrating element 1 includes a
movable part 14, a substrate 11, a driving source 12, and a
holding member 13. In the specification, a direction orthogo-
nal to a front surface 14a of the movable part 14 1s the Z
direction, the upward direction 1s the Z1 direction, and the
downward direction 1s the Z2 direction. Further, two direc-
tions orthogonal to each other 1n a plane orthogonal to the Z
direction are respectively the X direction and the Y direc-
tion. In the X direction, one side 1s the X1 direction and the
other side 1s the X2 direction. Further, in the Y direction, one
side 1s the Y1 direction and the other side 1s the Y2 direction.
The X direction 1s an example of the “first direction” in the
claims. The Z direction 1s an example of the “second
direction” in the claims.

The substrate 11 includes a pair of support beam parts
11a, a support part 115, and torsion beam parts 11¢. Further,
the substrate 11 includes the movable part 14 on which the
mirror 10 1s arranged. The substrate 11 1s made of, for
example, a tlat plate-shaped stainless steel matenal.

The pair of support beam parts 11a each has a first end
part 111 and a second end part 1115. Each of the first end
parts 111a 1s supported by the support part 115. Further, in
the first embodiment, the second end part 1115 of each of the
pair of support beam parts 11a 1s provided with a fixing part
114 fixed to the holding member 13. The fixing part 114 1s
a portion of the pair of support beam parts 11a.

In the example shown 1n FIG. 2, the fixing part 114 1s
formed by 1ncreasing the width 1n the X direction of the pair
of support beam parts 11a on the second end part 1115 side.
Further, the fixing part 114 1s held to the holding member 13
by screwing, for example. Therefore, the fixing part 11d 1s
provided with a through hole 30 penetrating 1n the Z
direction.

The support part 115 1s configured to support the first end
part 111a of each of the pair of support beam parts 1la.
Further, the support part 115 1s provided with the driving
source 12. Specifically, the support part 115 has a driving
source support part 11e which supports the driving source
12, and the driving source 12 i1s arranged on the driving
source support part 11e. The driving source support part 11e
has a semicircular shape similar to the dnving source 12.
Further, 1n the extending direction (Y direction) of the
support beam part 11a, the support part 115 has a holding
part 11f provided at an end part on a side which does not
support the pair of support beam parts 11a. The support part
116 1s held to the holding member 13 by screwing, for
example. Therefore, the holding part 111 1s provided with a
through hole 31 penetrating 1n the Z direction.

The torsion beam part 11¢ swingably supports the mov-
able part 14. The torsion beam part 11¢ extends in the first
direction (X direction). Further, the torsion beam part 11c
has a columnar shape. Further, a pair of torsion beam parts
11c 1s provided. One of the pair of torsion beam parts 11c 1s
connected to one of the pair of support beam parts 11a, and
the other of the torsion beam parts 11¢ 1s connected to the
other of the support beam parts 11a. Further, each of the pair
of torsion beam parts 1lc¢ 1s connected to the movable part
14.

The movable part 14 has a rectangular shape. Further, the
movable part 14 1s integrally formed with the substrate 11.
Further, the movable part 14 1s connected to the pair of
support beam parts 11a via the torsion beam parts 11¢. In this
embodiment, the mirror 10 1s provided on the front surface
14a side of the movable part 14. In the example shown 1n
FIG. 2, the mirror 10 1s shown with hatching for conve-
nience of 1illustration.
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The dniving source 12 1s configured to generate a plate
wave which swings the movable part 14. The driving source
12 includes, for example, a piezoelectric element. The
piezoelectric element 1ncludes, for example, lead zirconate
titanate (PZT) and electrodes for applying a voltage to the
PZT. In the example shown in FIG. 2, a PZT having a
semicircular shape 1s provided on the substrate 11 as the
driving source 12.

The holding member 13 1s configured to hold the support
part 115. As shown in FIG. 2, the holding member 13 holds
the holding part 11f which 1s provided at an end part of the
support part 115 on a side 1n the Y direction which does not
support the pair of support beam parts 11a. Further, the
holding member 13 1s configured to hold each of the pair of
support beam parts 11a. As shown in FIG. 2, the holding
member 13 1s configured to hold the fixing parts 114 1n the
pair ol support beam parts 11a. Details of the configuration
in which the holding member 13 holds the fixing part 114
will be described later.

(First Portion and Second Portion)

As shown 1 FIG. 3, the fixing part 114 1ncludes a first
portion 110a and a second portion 1105. In the fixing part
11d, the portion close to the movable part 14 1n the first
direction (X direction) 1s the first portion 110a. Further, 1n
the fixing part 11d, the portion far from the movable part 14
in the first direction i1s the second portion 1105.

By adjusting any of an inclination with respect to the
holding member 13, a fixing position with respect to the
holding member 13 1n a fixing plane along the front surface
of the substrate 11, and a fixing orientation 1n the fixing
plane, the fixing part 114 1s fixed to the holding member 13
in a state 1n which each of the pair of support beam parts 11a
applies tension to the torsion beam part 11¢ 1n a direction
away 1rom the movable part 14 in the first direction 1n which
the torsion beam part 11¢ extends. The fixing orientation of
the fixing part 114 1n the fixing plane refers to the rotation
direction of the fixing part 114 1n the fixing plane. In the first
embodiment, by adjusting the inclination with respect to the
holding member 13, the fixing part 114 1s fixed to the
holding member 13 1n a state 1n which each of the pair of
support beam parts 11a applies tension to the torsion beam
part 11¢ 1n a direction away from the movable part 14 1n the
first direction 1n which the torsion beam part 11¢ extends.

(Inclination of Fixing Part)

As shown in FIG. 4, the fixing parts 114 are fixed 1n a state
in which the inclination with respect to the holding member
13 1s adjusted by twisting 1n directions opposite to each
other. Specifically, the fixing part 114 1s fixed to the holding
member 13 1n a twisted state in which the first portion 110a
in the fixing part 114 on the side close to the movable part
14 1n the first direction (X direction) rotates 1 a direction
(71 direction) from a rear surface 145 side of the movable
part 14 toward the front surface 14a side, or 1n a twisted state
in which the second portion 1105 1n the fixing part 114 on
the side far from the movable part 14 1n the first direction
rotates 1n a direction (Z2 direction) from the front surface
14a side toward the rear surtface 145 side of the movable part
14. In the example shown 1n FIG. 4, the fixing part 11d 1s
fixed to the holding member 13 in a twisted state 1n which
the first portion 110a 1n the fixing part 114 rotates 1n a
direction from the rear surface 145 side toward the front
surface 14a side of the movable part 14. In other words, the
fixing part 114 1s fixed to the holding member 13 1n a twisted
state of rotating on the Y direction.

Specifically, the fixing part 114 on the X1 direction side
1s fixed to the holding member 13 1n a state in which the first
portion 110q on the X1 direction side 1s twisted 1in a direction
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along arrow 40a. As a result, the support beam part 11a (see
FIG. 3) on the X1 direction side 1s twisted in a direction
along arrow 40aq. Therefore, since a force 1 a direction
indicated by arrow 41la 1s generated with respect to the
support beam part 11a on the X1 direction side, tension 1s
applied to the torsion beam part 11c m a direction (X1
direction) away from the movable part 14 in the first
direction.

Further, the fixing part 114 on the X2 direction side 1s
fixed to the holding member 13 in a state 1n which the first
portion 110q on the X2 direction side 1s twisted 1n a direction
along arrow 405. As a result, the support beam part 11a (see
FIG. 3) on the X2 direction side 1s twisted 1 a direction
along arrow 405b. Therefore, since a force m a direction
indicated by arrow 415 1s generated with respect to the
support beam part 11a on the X2 direction side, tension 1s
applied to the torsion beam part 11c m a direction (X2
direction) away from the movable part 14 in the first
direction.

Further, 1n the first embodiment, the fixing part 114 1s
fixed to the holding member 13 1n a state in which the
support beam part 11a 1s twisted 1n a direction in which, of
the torsion beam part 1lc, an end part connected to the
movable part 14 protrudes toward the front surface 14a side
of the movable part 14. In the example shown 1n FIG. 4, the
direction of protrusion toward the front surface 14a side 1s
the Z1 direction.

(Structure of Abutting Part)

Next, the configuration of an abutting part 15 according to

the first embodiment will be described with reterence to
FIG. 5 and FIG. 6.

As shown 1n FIG. 5, the holding member 13 includes a
base 13a and an abutting part 15. The abutting part 15 1s
formed to protrude from the base 13a toward the front
surtace 14a side (Z1 direction side) of the movable part 14.
The abutting part 15 1s provided at an end part of the holding
member 13 on the Y2 direction side. Further, the abutting
part 15 1s provided at two positions, 1.e., on the X1 direction
side and the X2 direction side, of the end part of the holding
member 13 on the Y2 direction side. In the example shown
in FIG. 5, the abutting part 15 1s integrally formed with the
holding member 13. Further, the abutting part 15 has an
abutting surface 15a which abuts the fixing part 114. Further,
the abutting surface 135a includes a first abutting portion 155

and a second abutting portion 15¢. In the abutting surface
15a, the portion close to the movable part 14 1n the first
direction (X direction) 1s the first abutting portion 155.
Further, 1in the abutting surface 134, the portion far from the
movable part 14 1n the first direction 1s the second abutting,
portion 15c¢.

As shown 1n FIG. 6, the abutting surface 15a 1s inclined.
Specifically, the abutting surface 15¢ 1s inclined so that the
first abutting portion 156 and the second abutting portion
15¢ are located at positions different from each other in the
second direction (7 direction) orthogonal to the front surface
14a of the movable part 14. In the first embodiment, the
abutting surface 15a 1s inclined so that the first abutting
portion 155 1s located on the Z1 direction side with respect
to the second abutting portion 15¢. Further, in the first
embodiment, the abutting surface 15a 1s inclined so that the
inclination angle 1s an angle 01. The inclination angle 1s an
angle between the abutting surface 15aq and a plane along the
front surface 14a of the movable part 14.
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(Inclination of Fixing Part with Respect to Holding Mem-
ber)

As shown in FIG. 7, the fixing part 114 1s fixed 1 an
inclined state with respect to the base 13a. Specifically, the
fixing part 114 1s fixed 1n an abutting state with the abutting
surface 15a.

Since the abutting surface 15a 1s inclined so that the first
abutting portion 155 1s located on the Z1 direction side with
respect to the second abutting portion 15¢, by fixing the
fixing part 114 1n an abutting state with the abutting surface
15a, the first portion 110« 1s inclined to be located on the 71
direction side with respect to the second portion 1105. In the
first embodiment, since the abutting surface 15¢ 1s inclined
at the angle 01, the fixing part 114 1s also inclined at the
angle 01. The inclination angle of the fixing part 114 1s an
angle between a plane along the front surface 14a the
movable part 14 and a front surface 110c¢ of the fixing part

11d.

Tects of First Embodiment

[T

In the first embodiment, the following eflects can be
obtained.

In the first embodiment, as described above, the vibrating
clement 1 includes the movable part 14, the substrate 11
made of metal, the dniving source 12, and the holding
member 13. The substrate 11 includes the pair of support
beam parts 11a each having the first end part 111a and the
second end part 1115, the support part 115 supporting the
first end part 111a of each of the pair of support beam parts
11a, and the torsion beam part 11¢ which swingably supports
the movable part 14. The driving source 12 1s provided on
the support part 115 and generates a plate wave which
swings the movable part 14. The holding member 13 holds
the substrate 11. The second end part 1115 of each of the pair
of support beam parts 11a 1s provided with the fixing part
114 fixed to the holding member 13. By adjusting the
inclination with respect to the holding member 13, the fixing
part 114 1s fixed to the holding member 13 1n a state in which
cach of the pair of support beam parts 11a applies tension to
the torsion beam part 11c in a direction away from the
movable part 14 1n the first direction 1n which the torsion
beam part 11c¢ extends.

Accordingly, by adjusting the method of fixing the fixing
part 11d with respect to the holding member 13, without
providing a member on the support beam part 11a by film
formation to apply tension to the torsion beam part 1lc,
tension can be applied (1imparted) to the torsion beam part
11c 1n a direction away from the movable part 14 1n the first
direction. As a result, since tension can be applied to the
torsion beam part without film formation on the torsion
beam part 11¢, compared to the configuration 1 which a
member applying tension to the torsion beam part 11c¢ 1s
formed by film formation which complicates the manufac-
turing process, 1t 1s possible to suppress occurrence of
displacement other than swinging in the movable part 14
while suppressing complication of the manufacturing pro-
CEesS.

Further, 1n the first embodiment, as described above, the
fixing parts 114 are fixed in a state 1n which the inclination
with respect to the holding member 13 1s adjusted by
twisting 1n directions opposite to each other, or are fixed in
a state 1n which the fixing position with respect to the
holding member 13 in the fixing plane i1s adjusted by
bending the pair of support beam parts 11a 1n directions
opposite to each other. Accordingly, since the support beam
parts 11a are twisted 1n directions opposite to each other by
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twisting the fixing parts 114 1n directions opposite to each
other, tension can be easily applied to the torsion beam parts
11¢ via the support beam parts 11a 1n directions away from
the movable part 14. As a result, since tension can be easily
applied to the torsion beam parts 11c¢ via the support beam
parts 11a 1n directions away from the movable part 14, 1t 1s
possible to easily suppress occurrence of displacement other
than swinging in the movable part 14 while suppressing
complication of the manufacturing process.

Further, 1in the first embodiment, as described above, the
fixing part 114 1s fixed to the holding member 13 1n a twisted
state 1n which the first portion 110q 1n the fixing part 114 on
the side close to the movable part 14 1n the first direction (X
direction) rotates in a direction (Z1 direction) from the rear
surface 146 side toward the front surface 14a side of the
movable part 14. Accordingly, by twisting the first portion
110a of the fixing part 114 1mn a direction from the rear
surtace 145 side toward the front surface 14a side of the
movable part 14, tension in a direction away from the
movable part 14 1n the first direction can be easily and surely
applied to the torsion beam part 11c. As a result, since
tension can be easily and surely applied to the torsion beam
part 11c¢ via the support beam part 11a in a direction away
from the movable part 14, 1t 1s possible to more easily
suppress occurrence of displacement other than swinging in
the movable part 14 while suppressing complication of the
manufacturing process.

Further, in the first embodiment, as described above, 1n
the case where the fixing part 114 1s fixed to the holding
member 13 1n a twisted state, the holding member 13
includes the abutting part 15 having the abutting surface 15a
which abuts the fixing part 114, and the abutting surface 154
1s nclined so that the first abutting portion 156 on the side
close to the movable part 14 1n the first direction (X
direction) and the second abutting portion 15¢ on the side far
from the movable part 14 1n the first direction are located at
positions different from each other 1n the second direction (Z
direction) orthogonal to the front surface 14a of the movable
part 14. Accordingly, since the abutting surface 15a can be
casily inclined, by fixing the fixing part 114 1n an abutting
state with the abutting surface 13a, the twisting directions of
the fixing parts 114 can be easily configured as opposite
directions. As a result, the fixing parts 114 can be easily fixed
to the holding member 13 1n a state 1n which the pair of
support beam parts 11a applies tension to the torsion beam

parts 11c 1n directions away from the movable part 14 1n the
first direction.

Further, 1n the first embodiment, as described above, the
fixing part 114 1s fixed to the holding member 13 1n a state
in which the support beam part 11a 1s twisted 1n a direction
in which, of the torsion beam part 11¢, an end part connected
to the movable part 14 protrudes toward the front surface
14a side of the movable part 14. Accordingly, in addition to
the tension applied to the torsion beam part 11¢ 1n a direction
away from the movable part 14 1n the first direction, tension
can also be applied to the front surface 14a side of the
movable part 14. As a result, for example, 1n the case where
the front surface 14a of the movable part 14 1s arranged
upward 1n the vertical direction, since the tension applied to
the front surface 14a side of the movable part 14 makes it
possible to suppress sinking of the movable part 14 resulting,
from the weight of the movable part 14 itself, 1t 1s possible
to further suppress displacement of the movable part 14
other than swinging.

Second Embodiment

A second embodiment will be described with reterence to
FIG. 8 and FIG. 9. A vibrating element 101 according to the
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second embodiment (see FIG. 8) 1s different from the
vibrating element 1 according to the first embodiment 1n that
a holding member 130 1s included 1n place of the holding
member 13. In the figures, the same reference numerals are
given to the parts having the same configurations as those of
the first embodiment.

As shown 1n FIG. 8, the vibrating element 101 according
to the second embodiment includes the holding member
130. The holding member 130 includes an abutting member
150 provided separately from the holding member 130 1n
place of the abutting part 15 according to the first embodi-
ment. The abutting member 150 1s a member made of metal
or resin and having a columnar shape. In the second embodi-
ment, the abutting member 150 1s made of metal. The
abutting member 150 has an abutting surface 150a which
abuts the fixing part 11d.

Further, 1in the second embodiment, the vibrating element
101 includes a fixing angle adjustment mechanism 16
capable of adjusting the inclination angle of the abutting
surface 150a. As shown 1n FIG. 8, 1n the second embodi-
ment, a total of two sets of the abutting member 150 and the
fixing angle adjustment mechanism 16 are provided on the
Y2 direction side of the holding member 130, with one set
provided on the X1 direction side and another set provided
on the X2 direction side.

The fixing angle adjustment mechanism 16 includes a
screw member 16a. The fixing angle adjustment mechanism
16 1s configured so that the abutting member 150 can be
rotated 1n a rotation direction around an axis Ax by loosen-
ing the screw member 16a. Further, the fixing angle adjust-
ment mechanism 16 1s configured so that the inclination
angle of the abutting surface 150aq can be fixed by rotating
the abutting member 150 1n the rotation direction around the
axis Ax and then tightening the screw member 16a.

FIG. 9 1s a schematic view of the abutting member 150 as
viewed from the Y2 direction side. As shown 1n FIG. 9, 1n
the second embodiment, the abutting member 150 1s fixed 1n
a state ol being inclined at an angle 02 by the fixing angle
adjustment mechanism 16. Specifically, the abutting surface
150a 1s inclined so that a first abutting portion 15056 1s
located on the Z1 direction side with respect to a second
abutting portion 150c¢. Although the example shown 1n FIG.
9 shows the abutting member 150 and the fixing angle
adjustment mechanism 16 on the X2 direction side, the
abutting member 150 and the fixing angle adjustment
mechanism 16 on the X1 direction side have the same
configurations.

The other configurations of the vibrating element 101
according to the second embodiment are the same as those
of the first embodiment.

ftect of Second Embodiment

[T

In the second embodiment, as described above, the abut-
ting part includes the abutting member 150 provided sepa-
rately from the holding member 130 and further includes the
fixing angle adjustment mechanism 16 capable of adjusting
the inclination angle of the abutting surface 150a. Accord-
ingly, by adjusting the inclination angle of the abutting
surface 150q, the inclination of the fixing part 114 with
respect to the holding member 130 can be easily adjusted. As
a result, the magnitude of the tension to be applied to the
torsion beam part 11¢ can be easily adjusted.

The other efects of the second embodiment are the same
as those of the first embodiment.

Third Embodiment

A third embodiment will be described with reference to
FIG. 10 and FIG. 11. A vibrating element 201 (see FIG. 10)
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according to the third embodiment 1s different from the
vibrating element 1 according to the first embodiment 1n that
a holding member 230 1s included 1n place of the holding
member 13, and a first spacer member 17 1s further included.
In the figures, the same reference numerals are given to the
parts having the same configurations as those of the first
embodiment.

As shown 1 FIG. 10, the vibrating element 201 includes
a first spacer member 17, an auxiliary spacer member 18, a
screw member 19, a washer member 20, and a holding
member 230. The holding member 230 includes an abutting
part 250. The abutting part 250 has an abutting surface 250aq.
Unlike the abutting part 15 according to the first embodi-
ment 1n which the abutting surface 15a 1s inclined, the
abutting surface 250a according to the third embodiment 1s
not inclined.

Of the abutting parts 250 on the X1 direction side and the
X2 direction side, FIG. 11 1s a schematic enlarged view
showing the abutting part 250 on the X2 direction side. As
shown 1n FIG. 11, the first spacer member 17 1s provided at
a position between the fixing part 114 and the abutting
surface 250a 1n the second direction (Z direction) orthogonal
to the front surface 14a of the movable part 14. In the
example shown 1n FIG. 11, the first spacer member 17 1s
provided on a side (X1 direction side) close to the movable
part 14 1n the first direction (X direction).

Further, the auxiliary spacer member 18 1s provided on a
side opposite to the first spacer member 17 in the first
direction. In the second direction (7 direction), the auxiliary
spacer member 18 abuts the fixing part 114 on the 72
direction side and abuts the washer member 20 on the Z1
direction side.

The screw member 19 1s configured to fix the fixing part
114 by fastening to a screw hole (not shown) provided in the
abutting part 250. Specifically, the screw member 19 fixes
the fixing part 114 to the holding member 230 in a state in
which the fixing part 114 1s inclined by the washer member
20, the first spacer member 17, and the auxiliary spacer
member 18.

The washer member 20 1s provided between the auxiliary
spacer member 18 and the screw member 19 1n the second
direction (7 direction).

Of the abutting parts 250 on the X1 direction side and the
X2 direction side, although the example shown 1n FIG. 11
shows the fixing part 114 fixed to the abutting part 250 on
the X2 direction side, the fixing part 114 fixed to the abutting,
part 250 on the X1 direction side may have the same
configuration as the fixing part 114 fixed to the abutting part
250 on the X2 direction side. In other words, the first spacer
member 17 on the X1 direction side 1s provided on the X2
direction side and at a position between the fixing part 11d
and the abutting surface 250aq 1n the Z direction. Accord-
ingly, the fixing part 114 1s fixed to the holding member 230
(the abutting part 250) 1n an inclined state 1n which the first
portion 110aq and the second portion 1105 of the fixing part
11d are located at positions different from each other 1n the
second direction (7 direction). In the third embodiment, as
in the first embodiment described above, the fixing part 114
1s fixed to the holding member 230 1n an 1nclined state 1n
which the first portion 110q 1s located on the Z1 direction
side with respect to the second portion 1105.

The other configurations of the vibrating element 201
according to the third embodiment are the same as those of

the first embodiment.

[

Tect of Third Embodiment

[T

In the third embodiment, as described above, 1n the case
where the fixing part 114 1s fixed to the holding member 230

10

15

20

25

30

35

40

45

50

55

60

65

14

in a twisted state, the holding member 230 includes the
abutting part 250 having the abutting surface 250a which
abuts the fixing part 114, and turther includes the first spacer
member 17 provided at a position between the fixing part
114 and the abutting surface 250q 1n the second direction (7
direction) orthogonal to the front surface 14a of the movable
part 14. The fixing part 114 1s fixed to the holding member
230 1n a state in which the inclination with respect to the
holding member 230 1s adjusted by the first spacer member
17. Accordingly, it 1s possible to incline the fixing part 11d
with respect to the holding member 230 by the first spacer
member 17. As a result, the fixing part 114 can be easily
inclined with respect to the holding member 230 without
inclining the abutting surface 2350a.

The other eflfects of the third embodiment are the same as
those of the first embodiment.

Fourth Embodiment

A fourth embodiment will be described with reference to
FIG. 12. Unlike the first embodiment 1n which the fixing part
11d 1s fixed to the holding member 13 1n a state 1n which the
inclination of the fixing part 114 with respect to the holding
member 13 1s adjusted, 1in a vibrating element 301 according
to the fourth embodiment, the fixing part 114 1s fixed to the
holding member 13 1n a state 1n which a fixing position with
respect to the holding member 13 1n a fixing plane along the
front surface of the substrate 11 1s adjusted. In the figure, the
same reference numerals are given to the parts having the
same configurations as those of the first embodiment.

In the fourth embodiment, by adjusting the {ixing position
with respect to the holding member 13 1n the fixing plane
along the front surface of the substrate 11, the fixing part 114
1s fixed to the holding member 13 in a state 1n which each
of the pair of support beam parts 11a applies tension to the
torsion beam part 11¢ 1n a direction away from the movable
part 14 in the first direction in which the torsion beam part
11c extends. Specifically, the fixing part 114 1s fixed to the
holding member 13 1n a state 1n which the pair of support
beam parts 11a 1s bent so that a distance D2 between the
second end parts 1115 of the pair of support beam parts 11a
1s larger than a distance D1 between the first end parts 111a
of the pair of support beam parts 11a.

As shown 1n FIG. 12, 1n the fourth embodiment, since the
fixing part 114 1s fixed to the holding member 13 1n a state
in which the pair of support beam parts 11a 1s bent so that
the distance D2 between the second end parts 1115 of the
pair of support beam parts 11a 1s larger than the distance D1
between the first end parts 111a of the pair of support beam
parts 11a, each of the pair of support beam parts 11a 1s fixed
in a state of being open to the outside. In the example shown
in FIG. 12, for convenience of illustration, the difference
between the distance D1 and the distance D2 1s exaggerated
and schematically shown.

Specifically, the support beam part 11a on the X1 direc-
tion side 1s opened 1n a direction indicated by arrow 42a.
Therefore, tension 1n the direction of arrow 42a 1s applied to
the torsion beam part 11¢ via the support beam part 11a on
the X1 direction side. Further, the support beam part 11a on
the X2 direction side 1s opened in a direction indicated by
arrow 425b. Therefore, tension 1n the direction of arrow 4256
1s applied to the torsion beam part 11¢ via the support beam
part 11a on the X2 direction side.

The other configurations of the vibrating element 301
according to the fourth embodiment are the same as those of
the first embodiment.
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ftect of the Fourth Embodiment

[T

In the fourth embodiment, as described above, the vibrat-
ing element 301 includes the movable part 14 reflecting
light, the substrate 11 made of metal, the driving source 12,
and the holding member 13. The substrate 11 includes the

pair of support beam parts 11a each having the first end part
111a and the second end part 1115, the support part 115
supporting the first end part 111a of each of the pair of
support beam parts 11a, and the torsion beam part 11¢ which
swingably supports the movable part 14. The drniving source
12 1s provided on the support part 115 and generates a plate
wave which swings the movable part 14. The holding
member 13 holds the substrate 11. The second end part 11156
ol each of the pair of support beam parts 11a 1s provided
with the fixing part 114 fixed to the holding member 13. By
adjusting the fixing position with respect to the holding
member 13 1n the fixing plane along the front surface of the
substrate 11, the fixing part 114 1s fixed to the holding
member 13 1n a state 1n which each of the pair of support
beam parts 11a applies tension to the torsion beam part 11c
in a direction away from the movable part 14 in the first
direction 1 which the torsion beam part 1lc¢ extends.
Accordingly, by bending the pair of support beam parts 11a
in opposite directions, tension can be easily applied to the
torsion beam part 11c¢ via the support beam part 11a 1n a
direction (first direction) away from the movable part 14. As
a result, since tension can be easily applied to the torsion
beam part 11¢ via the support beam part 11a 1n a direction
away Irom the movable part 14, 1t 1s possible to easily
suppress displacement of the movable part 14 while sup-
pressing complication of the manufacturing process.

Further, in the fourth embodiment, as described above, by
bending the pair of support beam parts 11la 1n directions
opposite to each other, the fixing part 114 1s fixed 1n a state
in which the fixing position with respect to the holding
member 13 in the fixing plane 1s adjusted. Accordingly,
similar to the vibrating element 1 according to the first
embodiment, since tension can be easily applied to the
torsion beam part 11c¢ via the support beam part 11a 1n a
direction away from the movable part 14, it 1s possible to
casily suppress displacement of the movable part 14 while
suppressing complication of the manufacturing process.

Further, 1n the fourth embodiment, as described above, the
fixing part 114 1s fixed to the holding member 13 1n a state
in which the pair of support beam parts 11a 1s bent so that
the distance D2 between the second end parts 1115 of the
pair of support beam parts 11a 1s larger than the distance D1
between the first end parts 111a of the pair of support beam
parts 11a. Accordingly, similar to the vibrating element 1
according to the first embodiment, since tension can be
casily and surely applied to the torsion beam part 11¢ via the
support beam part 11a 1n a direction away from the movable
part 14, 1t 1s possible to more easily suppress displacement
of the movable part 14 while suppressing complication of
the manufacturing process.

The other eftects of the fourth embodiment are the same
as those of the first embodiment.

Fifth Embodiment

A fifth embodiment will be described with reference to
FIG. 13 and FIG. 14. A vibrating element 401 (see FIG. 13)
according to the fifth embodiment i1s different from the
vibrating element 1 according to the first embodiment 1n that
a holding member 330 1s included 1n place of the holding
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member 13. In the figures, the same reference numerals are
given to the parts having the same configurations as those of
the first embodiment.

In the fifth embodiment, the vibrating element 401
includes the holding member 330. Further, in the fifth
embodiment, by adjusting a fixing orientation in the fixing
plane, the fixing part 114 1s fixed to the holding member 13
in a state 1n which each of the pair of support beam parts 11a
applies tension to the torsion beam part 11¢ 1n a direction
away from the movable part 14 in the first direction 1n which
the torsion beam part 1lc¢ extends. Further, in the fifth
embodiment, a first screw member 22a for fixing one of the
pair of fixing parts 114 and a second screw member 225 for
fixing the other of the pair of fixing parts 114 are included.

As shown 1n FIG. 13, the holding member 330 1s provided
with a first screw hole 21a to which the first screw member
22a 1s fastened and a second screw hole 215 to which the
second screw member 225 1s fastened. The first screw hole
21a and the second screw hole 215 are configured so that
cach of a force applied to one of the pair of support beam
parts 1la via one fixing part 114 when the first screw
member 22a 1s tightened, and a force applied to the other of
the pair of support beam parts 11a via the other fixing part
11d when the second screw member 2256 1s tightened 1s
directed 1n directions away from the movable part 14 1n the
first direction (X direction). In the example shown m FIG.
13, the first screw hole 214 and the second screw hole 2156
are configured so that the tightening direction of the first
screw member 22q and the tightening direction of the
second screw member 225 are different from each other.
Specifically, the first screw hole 21a 1s formed with a screw
hole 1 a direction indicated by arrow 43a. The direction
indicated by arrow 43a 1s a clockwise direction when
viewed from the front surface 14a (see FIG. 2) side (Z1
direction side) of the movable part 14. Further, the second
screw hole 215 1s formed with a screw hole 1n a direction
indicated by arrow 43b. The direction indicated by arrow
43b 1s a counterclockwise direction when viewed from the
front surface 14a (see FI1G. 2) side (Z1 direction side) of the
movable part 14 toward the Z2 direction.

As shown 1n FIG. 14, each of the fixing parts 114 1s fixed
to the holding member 330 by the first screw member 22a
and the second screw member 225b. The first screw member
22a 1s fastened to the first screw hole 21a. The tightening
direction (the direction 1n which the tightening torque acts)
of the first screw member 22a 1s a direction indicated by
arrow 43a. Therelore, the fixing part 114 on the X1 direction
side 1s fixed to the holding member 330 in a rotating
orientation indicated by arrow 43a. In other words, as the
first screw member 22a 1s tightened, the fixing part 114 on
the X1 direction side rotates 1n the direction indicated by
arrow 43a and 1s fixed to the holding member 13. Since the
fixing part 114 on the X1 direction side rotates 1n the
direction indicated by arrow 43q and 1s fixed to the holding
member 330, the support beam part 11a on the X1 direction
side 1s displaced to the X1 direction side. Accordingly, in the
support beam part 11a on the X1 direction side, a force 1s
generated 1n a direction 1indicated by arrow 44a. Therelore,
tension 1s applied to the torsion beam part 11¢ on the X1
direction side 1n the direction indicated by arrow 44a.

Further, the second screw member 225 1s fastened to the
second screw hole 215. The tightening direction of the
second screw member 225 1s a direction indicated by arrow
43b. Therelore, the fixing part 114 on the X2 direction side
1s 1ixed to the holding member 330 1n a rotating orientation
indicated by arrow 435b. In other words, as the second screw
member 226 1s tightened, the fixing part 114 on the X2
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direction side rotates in the direction indicated by arrow 435
and 1s fixed to the holding member 330. Since the fixing part

11d on the X2 direction side rotates in the direction indicated
by arrow 43b and 1s fixed to the holding member 330, the
support beam part 11a on the X2 direction side 1s displaced
to the X2 direction side. Accordingly, 1n the support beam
part 11a on the X2 direction side, a force i1s generated 1n a
direction indicated by arrow 44b. Therefore, tension 1is
applied to the torsion beam part 11¢ on the X2 direction side
in the direction indicated by arrow 44b.

The other configurations of the vibrating element 401
according to the fifth embodiment are the same as those of
the first embodiment.

ftect of Fifth Embodiment

[T

In the fifth embodiment, as described above, the vibrating
clement 401 includes the movable part 14 retlecting light,
the substrate 11 made of metal, the driving source 12, and
the holding member 330. The substrate 11 includes the pair
of support beam parts 11a each having the first end part 111a
and the second end part 1115, the support part 115 support-
ing the first end part 111a of each of the pair of support beam
parts 11a, and the torsion beam part 11¢ which swingably
supports the movable part 14. The driving source 12 1s
provided on the support part 115 and generates a plate wave
which swings the movable part 14. The holding member 330
holds the substrate 11. The second end part 1115 of each of
the pair of support beam parts 11a 1s provided with the fixing
part 114 fixed to the holding member 330. By adjusting the
fixing orientation in the fixing plane, the fixing part 114 1s
fixed to the holding member 330 1n a state in which each of
the pair of support beam parts 11a applies tension to the
torsion beam part 11¢ 1n a direction away from the movable
part 14 in the first direction in which the torsion beam part
11c extends. Accordingly, similar to the vibrating element 1
according to the first embodiment, 1n the vibrating element
401 according to the fifth embodiment, 1t 1s also possible to
suppress displacement of the movable part 14 while sup-
pressing complication of the manufacturing process.

Further, 1in the fifth embodiment, as described above, the
first screw member 22q for fixing one of the pair of fixing
parts 114 and the second screw member 2256 for {ixing the
other of the pair of fixing parts 114 are included, and the
holding member 330 i1s provided with the first screw hole
21a to which the first screw member 22qa 1s fastened and the
second screw hole 215 to which the second screw member
22b 1s fastened. The first screw hole 21a and the second
screw hole 215 are configured so that the force applied to
one of the pair of support beam parts 11a via one fixing part
114 when the first screw member 22a 1s tightened, and the
force applied to the other of the pair of support beam parts
11a via the other fixing part 114 when the second screw
member 225 1s tightened are directed 1n directions away
from the movable part 14 1n the first direction (X direction).

Accordingly, by fixing the pair of fixing parts 11d respec-
tively by the first screw member 22a and the second screw
member 22b, since a force in a direction away from the
movable part 14 1n the first direction (X direction) 1s applied
to each of the pair of support beam parts 11a, the position of
cach of the pair of support beam parts 11a can be easily
changed to a position away from the movable part 14 in the
first direction (X direction). As a result, tension 1n a direction
away Irom the movable part 14 in the first direction can be
casily applied to the torsion beam part 11¢ via the support
beam part 11a. Further, by adjusting the tightening condition
(1.e., the angle of the screw member) of the first screw
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member 22a and the second screw member 225, the direc-
tion 1n which the fixing part 114 1s fixed 1n the fixing plane
can be easily adjusted. As a result, since the position of the
pair of support beam parts 11a 1n the fixing plane can be
casily changed by adjusting the direction 1n which the fixing
part 114 1s fixed 1n the fixing plane, the tension applied to the
torsion beam part 11¢ via the support beam part 11a can be
casily adjusted.

The other effects of the fifth embodiment are the same as
those of the first embodiment.

MODIFICATION EXAMPL.

(L]

The embodiments disclosed herein are exemplary 1n all
respects and are not regarded as restrictive. The scope of the
disclosure 1s shown by the claims rather than the description
of the embodiments presented above. In addition, all

changes (modifications) within the meaning and scope of the
claims are 1ncluded.

For example, the second embodiment shows an example
of a configuration in which the abutting member 150 1is
directly provided on the holding member 130 by the fixing
angle adjustment mechanism 16, but the disclosure 1s not
limited thereto. For example, as 1n a vibrating element 102
according to a modification example of the second embodi-
ment shown 1n FIG. 135, a second spacer member 23 may be
further provided.

In the modification example of the second embodiment,
the abutting member 150 1s configured so that the fixing
position of the fixing part 114 1n the direction (Y direction)
in which the support beam part 11a extends can be adjusted
by the second spacer member 23.

As shown 1n FIG. 16, the second spacer member 23 has
a tlat plate shape. Further, the second spacer member 23 1s
provided with a notch 23a extending in the X direction.
Since the second spacer member 23 shown i FIG. 16 1s
provided between the abutting member 150 on the X2
direction side and the holding member 130, the notch 234 1s
provided on the X1 direction side. Although not shown, in
the second spacer member 23 provided on the X1 direction
side, the notch 23q 1s provided on the X2 direction side. By
fitting to the screw member 16a, the notch 23a 1s provided
between the abutting member 150 and the holding member
130.

As described above, the modification example of the
second embodiment further includes the second spacer
member 23 arranged between the abutting part (the abutting
member 150) and the holding member 130 1n the direction
in which the support beam part 11a extends, and the abutting
part 1s configured so that the fixing position of the fixing part
114 1n the direction (Y direction) in which the support beam
part 11a extends can be adjusted by the second spacer
member 23. Accordingly, since 1t 1s possible to adjust the
fixing position of the fixing part 114 1n the direction 1n which
the support beam part 11a extends, it 1s possible to reduce an
error in the fixing position of the fixing part 114 during
assembly even 1l there are manufacturing tolerances that
occur in the substrate 11 and the holding member 130. As a
result, the vibrating element 102 can be easily manufactured.

Further, the fourth embodiment shows an example of a
configuration in which the through hole 30 1s provided 1n the
fixing part 114, but the disclosure 1s not limited thereto. For
example, as 1 a vibrating element 302 of a modification
example of the fourth embodiment shown 1n FIG. 17, the
fixing part 114 may be provided with a fixing position
adjustment part 24 in place of the through hole 30.
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As shown 1n FIG. 17, the fixing position adjustment part
24 1s configured to penetrate the fixing part 114 1n the
thickness direction (Z direction) of the fixing part 114 and
extend along the first direction (X direction). Also, as shown
in FI1G. 18, the fixing part 114 1s {ixed to the holding member
13 1n a state 1n which the position adjustment in the fixing
plane 1s performed by a fixing member 26 1nserted through
the fixing position adjustment part 24. The fixing member 26
includes, for example, a screw member.

In the modification example of the fourth embodiment, as
described above, in the case where the support beam part
11a 1s fixed to the holding member 13 1n a bent state, the
fixing part 114 has the fixing position adjustment part 24
which penetrates the fixing part 114 1n the thickness direc-
tion (Z direction) of the fixing part 114 and extends along the
first direction (X direction). The fixing part 114 1s fixed to
the holding member 13 1n a state 1n which the position
adjustment 1n the fixing plane 1s performed by the fixing
member 26 inserted through the fixing position adjustment
part 24. Accordingly, since the fixing position adjustment
part 24 extends in the first direction, the distance D2 (see
FIG. 12) between the second end parts 1116 1n the {first
direction when the fixing part 114 1s fixed to the holding
member 13 can be easily adjusted. As a result, the magnmitude
of the tension to be applied to the torsion beam part 11c via
the support beam part 11a can be easily adjusted.

Further, the first embodiment shows an example of a
configuration in which the fixing part 114 1s fixed mn a
twisted state 1n which the first portion 110a on the side close
to the movable part 14 1n the first direction (X direction)
rotates 1n a direction (Z1 direction) from the rear surface 145
side toward the front surface 14a side of the movable part
14, but the disclosure 1s not limited thereto. For example, the
fixing part 114 may be fixed to the holding member 13 1n a
twisted state in which the second portion 1105 of the fixing
part 114 on the side far from the movable part 14 in the first
direction rotates 1n a direction (Z2 direction) from the front
surface 14a side toward the rear surface 145 side of the
movable part 14.

Further, the first to fifth embodiments show an example of
a configuration of fixing to the holding member 13 i1n a state
in which the support beam part 11a 1s twisted 1n a direction
in which, of the end parts of the torsion beam part 11c, the
end part connected to the movable part 14 protrudes toward
the front surface 14a side of the movable part 14, but the
disclosure 1s not limited thereto. For example, 1t 1s also
possible that the support beam part 11a 1s not twisted 1 a
direction 1n which the end part connected to the movable
part 14 protrudes toward the front surface 14a side of the
movable part 14.

Further, the first to fifth embodiments show an example of
a configuration 1n which a plurality of abutting parts 15 or
abutting members 150 are provided, but the disclosure 1s not
limited thereto. For example, the abutting part 15 or the
abutting member 150 may be integrally configured and may
have abutting surfaces on the X1 direction side and the X2
direction side of the holding member.

Further, the first to fifth embodiments show an example of
a configuration 1 which the fixing part 114 1s fixed to the
holding member 13 by a screw member, but the disclosure
1s not limited thereto. For example, the fixing part 114 may
be fixed to the holding member 13 by an adhesive or the like.
The fixing part 114 may be fixed by any method as long as
the fixing part 114 1s fixed to the holding member 13 in a
state 1n which each of the pair of support beam parts 11a
applies tension to the torsion beam part 11¢ 1n a direction
away from the movable part 14 in the first direction 1n which
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the torsion beam part 11c extends, by adjusting any of the
inclination with respect to the holding member 13, the fixing
position with respect to the holding member 13 1n the fixing
plane along the front surface of the substrate 11, and the
fixing orientation 1n the fixing plane.

Further, the first to third embodiments show an example
of a configuration in which the first portion 110a of the
fixing part 114 1s arranged on the Z1 direction side with
respect to the second portion 1106, but the disclosure 1s not
limited thereto. For example, the first portion 110a may be
configured to be arranged on the 72 direction side with
respect to the second portion 1105.

Further, the third embodiment shows an example of a
configuration i which the first spacer member 17 1is
arranged on a side closer to the movable part 14 than the
auxiliary spacer member 18 1n the first direction (X direc-
tion), but the disclosure 1s not limited thereto. For example,
the first spacer member 17 may be arranged on a side farther
from the movable part 14 than the auxiliary spacer member
18 1n the first direction.

Further, the third embodiment shows an example of a
configuration including the first spacer member 17 and the
auxiliary spacer member 18, but the disclosure 1s not limited
thereto. For example, 1t 1s also possible that the auxiliary
spacer member 18 1s not included. However, 1n the case of
a conflguration in which the auxiliary spacer member 18 is
not provided, when the fixing part 114 1s fixed by a screw
member, 1t cannot be fixed stably. Therefore, 1n the case
where the fixing part 114 1s fixed by a screw member, the
auxiliary spacer member 18 may be provided. Alternatively,
in the case of a configuration 1n which the auxiliary spacer
member 18 1s not provided, the fixing part 114 may be fixed
by an adhesive or the like.

Further, the first to fifth embodiments show an example of
a configuration 1n which the mirror 10 1s used as the member
to be arranged on the movable part 14, but the disclosure 1s
not limited thereto. For example, a lens may be arranged on
the movable part 14.

Further, the first to fifth embodiments show an example of
a configuration 1n which the mirror 10 1s used as the member
to be arranged on the movable part 14, but the disclosure 1s
not limited thereto. For example, a light emitting element
may be arranged on the movable part 14.

Further, the first to fifth embodiments show an example of
a configuration 1n which the mirror 10 1s used as the member
to be arranged on the movable part 14, but the disclosure 1s
not limited thereto. For example, a light receiving element
may be arranged on the movable part 14. Further, the light
emitting element and the light recerving element may both
be arranged on the movable part 14.

Further, the first to fifth embodiments show an example of
a configuration 1n which the mirror 10 1s used as the member
to be arranged on the movable part 14, but the disclosure 1s
not limited thereto. For example, an enzyme which reacts
with air or a gas may be arranged on the movable part 14.

What 1s claimed 1s:

1. A vibrating element comprising:

a movable part;

a substrate made of metal, comprising;

a pair of support beam parts each having a first end part
and a second end part;

a support part supporting the first end part of each of the
pair of support beam parts; and

a torsion beam part which swingably supports the
movable part;

a driving source provided on the support part and gener-

ating a plate wave which swings the movable part; and
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a holding member holding the substrate,
wherein the second end part of each of the pair of support
beam parts 1s provided with a fixing part fixed to the
holding member, and
by adjusting any of an inclination with respect to the
holding member, a fixing position with respect to the
holding member in a fixing plane along a front surface
of the substrate, and a fixing orientation in the fixing
plane, the fixing part 1s fixed to the holding member in
a state 1n which each of the pair of support beam parts
applies tension to the torsion beam part 1n a direction
away from the movable part 1n a first direction in which
the torsion beam part extends.

2. The vibrating element according to claim 1, wherein,
by twisting 1n directions opposite to each other, the fixing
parts are fixed 1n a state 1n which the inclination with respect
to the holding member 1s adjusted, or

by bending the pair of support beam parts 1n directions

opposite to each other, the fixing parts are fixed 1n a
state 1n which the fixing position with respect to the
holding member 1n the fixing plane 1s adjusted.

3. The vibrating element according to claim 2, wherein the
fixing part 1s fixed to the holding member 1n a twisted state
in which, of portions of the fixing part in the first direction,
a first portion on a side close to the movable part rotates 1n
a direction from a rear surface side toward a front surface
side of the movable part, or 1n a twisted state 1n which, of the
portions of the fixing part 1n the first direction, a second
portion on a side far from the movable part rotates in a
direction from the front surface side toward the rear surface
side of the movable part, or

the fixing part 1s fixed to the holding member 1n a state 1n

which the pair of support beam parts 1s bent so that a
distance between the second end parts of the pair of
support beam parts 1s larger than a distance between the
first end parts of the pair of support beam parts.

4. The vibrating element according to claim 3, wherein in
a case where the fixing part 1s fixed to the holding member
in a twisted state,

the holding member comprises an abutting part having an

abutting surface which abuts the fixing part, and

the abutting surface i1s inclined so that a first abutting

portion on a side close to the movable part 1n the first
direction and a second abutting portion on a side far
from the movable part 1n the first direction are located
at positions different from each other in a second
direction orthogonal to a front surface of the movable
part.

5. The vibrating element according to claim 4, wherein the
abutting part comprises an abutting member provided sepa-
rately from the holding member, and

the vibrating element further comprises a fixing angle

adjustment mechanism capable of adjusting an incli-
nation angle of the abutting surface.
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6. The vibrating element according to claim 3, wherein in
a case where the fixing part 1s fixed to the holding member
in a twisted state,

the holding member comprises an abutting part having an

abutting surface which abuts the fixing part, and

the vibrating element further comprises a first spacer

member provided at a position between the fixing part
and the abutting surface 1n a second direction orthogo-
nal to a front surface of the movable part,

wherein the fixing part 1s fixed to the holding member 1n

a state 1 which the inclination with respect to the
holding member 1s adjusted by the first spacer member.

7. The Vibrating clement according to claim 4, wherein the
fixing part 1s fixed to the holding member 1n a state in which
the support beam part 1s twisted in a direction 1 which, of
the torsion beam part, an end part connected to the movable
part protrudes toward the front surface side of the movable
part.

8. The vibrating element according to claim 4, further
comprising a second spacer member arranged between the
abutting part and the holding member 1n a direction 1n which
the support beam part extends,

wherein the abutting part 1s configured to be capable of

adjusting the fixing position of the fixing part in a
direction in which the support beam part extends by the
second spacer member.
9. The vibrating element according to claim 3, wherein 1n
a case of {ixing to the holding member 1n a state in which the
support beam part 1s bent,
the fixing part has a fixing position adjustment part which
penetrates the fixing part i a thickness direction of the
fixing part and extends along the first direction, and

the fixing part 1s fixed to the holding member 1n a state 1n
which position adjustment 1n the fixing plane 1s per-
formed by a fixing member mserted through the fixing
position adjustment part.

10. The vibrating element according to claim 3, compris-
ing a first screw member which fixes one of the pair of fixing
parts and a second screw member which fixes another of the
pair of fixing parts,

wherein the holding member 1s provided with a first screw

hole to which the first screw member 1s fastened and a
second screw hole to which the second screw member
1s fastened, and

the first screw hole and the second screw hole are con-

figured so that each of a force applied to one of the pair
of support beam parts via the one of the fixing parts
when the first screw member 1s tightened, and a force
applied to another of the pair of support beam parts via
the another of the fixing parts when the second screw
member 1s tightened 1s directed in a direction away
from the movable part 1n the first direction.
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